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Section 1

MANAGEMENT SUMMARY

This section summarizes the findings of SofTech, Inc,, with regard
to the feasibility and cost effectiveness of the Training Resource, Applica-
tions and Information/Data Exchange (TRAIDEX) System. TRAIDEX is an
information storage and retrieval system that has been designed to reduce
the cost of developing technical training courses within the armed services
by allowing developers to have tirnely access to a comprehensive, up-*o-
date catalog of well described and validated courseware, The information
collection and analysis that forms the basis for these findings was per-
formed during the period April 1975 through April 1976, by SofTech with
the assistance of Educational Testing Service of Princeton, N. J. This
information was gathered during a series of interviews at over twelve
separate headquarters and training development locations, during which
personnel ranging from senior headquarters and technical school staff
through education and training specialists to course developers were inter-
viewed, The functional design of an information exchange system that
could fulfill the requirernents that were uncovered by the information neecds
analysis was performed, and was reviewed by members of the Interservice
Training Review Organization and by selected senjor training staff per-
sonnel, Finally, two system implementation alternatives were designed

and their costs estimated. The results of the study are summarized below.

1.1 Information Needs

The study indicates that the interservice sharing of validated
technical course units can significantly decrease the time and costre-
quired to produce courses for which identical or similar units must be
developed. This view is supported both by qualified development per-
sonnel and by the experience of course developeis who have actually re-
used course material from other services, The major obstacles that

currently prevent this type of information sharing from taking place are:

1020-2 1-1 SOFJreH
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o the lack of a catalog of up-to-date, descriptive
information that identifies well -validated course
material

) the lack of a uniform and rcsponsive system for

obtaining course material .fter it has been identified,

1.2 System Requirements

The TRAIDEX system that has been designed as part of this study
addresses the information needs identified. Furthermore, the functional
requirements of the system can be met by utilizing an existing hardware/
software information processing system, INFOCEN, that is operated at
Wright-Patterson Air Forrze Base in Dayton, Chio. The implementation
of TRAIDEX will therefore require no significant acquisition of computer
hardware or software. The only additional hardware costs will include
the purchase of low-speed typewriter terminals and the cost of using
2 packet switchiig communications network. These costs are described

in detail in Section 6 and the appendices to this report.

The key to the successful implementation of TRAIDEX will be the
provision of active support from the using services through the assign-
ment of active, innovative operational staff and the visible backing of both
headquarters and development site commands. The details of TRAIDEX

staffing requirements are covered in Section 7.

1.3 System Costs

Two implementation options have been described for the TRAIDEX
system, Based upon using the INFOCEN information storage and retrieval
systein as the host for the database, the first option takes advantage of
the fact that INFOCEN is also the host for the Defense Audio Visual Archive
(DAVA)., The Director of DAVA has »ffered certain hardware cost and
personnel support that places the five-year cumulative cost of implementing
TRAIDEX at approximately $821 thousand. The second option also assumes
the TRAIDEX system is implemented on the INFOCEN system, but does
not assume DAVA assistance, for a five-year cuinulative cost of approxi-

mately $1.9 million.

1-2
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: 1.4  TRAIDEX Bencfits

Based upon accepted cstimates of technical course development
costs, even the more costly TRAIDEX implement..;.on option need reduce
the develocpment costs of the courses impacted by “'RAIDEX by an average

) of only two percent in order to pay for itself in five years. This cost
calculation is presented in Section 6,4, Furthermore, SofTech believes
that other less quantifiable benefits, especially the production of higher

quality courseware, will result from continued TRAIDEX usage.

1020-2 1-3 SOF Jecy
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SCOPE OF THE TRAIDEX STUDY

Study Definition

Section 2

This report describes the resuits of the information needs analysis

and implementation study of the Training Resource, Applications and In-

formation/Data Exchange (IT'RAIDEX) System. The TRAIDEX system has

the general objectives of acquiring, ‘nzintaining, retrieving, disseminating,

and exchanging documents, materials and information useful to the educa-

tion and training activities of the four military services, It is a data ex-

change system, intended primarily for the use of training course analysts

and developers in all services, that will allow them to obtain the benefits

of common experience in the analysis, design, and development of military

training programs,

The TRAIDEX study has been jointly funded by the Army, Navy, Air
Force, and DARPA and has been conducted under the auspices of DARPA

and the Interservice Training Review Board (ITRB) by two contractors:

SofTech, Inc., of Waltham, Mass., and Educational Testing Service (ETS)

of Princeton, N, J.

The Interuniversity Communications Council, Inc.

(EDUCOM) also provided substantial consulting support and assistance to

ETS. The study was divided into four tasks, as follows:

1020-2
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Conduct a cost/benefits/effectiveness analysis to
identify the most feasible and atiractive TRAIDEX

features

Conduct an information analysis o identify both
needs for and sources of information in the
military training community

Define TRAIDEX concepts of opera‘ion

Specify implementation options, costs, and a

development plan

2-1



2,2 Study Background

In order to understand the underlying assumptions and definition
of scope which guided the TRAIDEX study tasks, it is important to be
aware of the evolution of the TRAIDEX concept prior to the start of this
s tudy. From the spring of 1974 to the spring of 1975, the pctential
definition of an information and data exchange system was still open-ended,

and the TRAIDEX concept included many possible goals, benefits, and uses

including:

] Making the curriculum developer more productive
and effective

° Reducing course preparation effort

] Reducing inefficient, inappropriate application of
training resources

° Identifying widespread research and development
needs

° Maximizing the dissemination of new technical

applications and innovations

The methods proposed for meeting these goals included the sharing of
common course elements among the services and the sharing of evaluative
information on media, resource applications, etc, The proposed user
community inciuded course developers, administrators of training curricula,
hzadquarters planners and policy makers, and the training research com-
munity, Possible TRAIDEX application areas included technical training,
flying training, general military training, human goals training, and the

use of simulation devices, training devices and advanced training systems.
Other possible areas of impact were research requirements, operational
training, system mainterance, on-the-job training, career development,

and support of the Instructional Systems Design (ISD) concept.

Realizing that the success of the initial study depended upon a well-
defined scope, the Interservice Training Review Organization (ITRO),
SofTech, and ETS agreed on several major points in the TRAIDEX definition.
At the ITRO Training Tecknology Committee meeting in April 1975, SofTech
and ETS were directed to emphasize training course design and development

as opposed to training research or management, because personnel involved

1020-2 2-2
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in administration, plans, policy and research were recognized as having
different information requirements from the developer. The most cost-

effective benefits of a TRAIDEX system were projected to include:

° reduced duplication of effort during course
development

° reduced use of personnel and resources during
course development

o increased course effectiveness in attaining learning
objectives

. increased course developer productivity

A second direction that evolved from the April meeting was that the

study focus on technical training, because it has the following character-

istics:
° it is characterized by high cost per student
and high student volume
@ course content is likely to possess a high degree
of cornmonality across services
° rapidly changing weapons system technology base

is causing the production of new courses and the
modification of existing ones ata rapid rate

Primarily because it is characterized by very high dollar cost per student,
flying training was also discussed as a potential study area. However, the
flying training community is fairly small and close knit, and already operates
with a high degree of interaction; therefore, flying training was not investi-
gated., Other areas such as human goals and general military training were
believed to possess a high degree of commonality, but the dollar costs per
student for these programs are not as high as for technical training and
they were de-emphasized during the information needs analysis. How-
ever, once the TRAIDEX system has been proven to be operationally

and economically feasible, these arcas can be :sdded to the descriptive
catalog by simply expanding the course gcreening criteria that are used

to select the TRAIDEX course units. This is feasible because the basis

for TRAIDEX unit descriptions (subject area keywords, learning objec-
tives, test items, and so forth) {s common ‘or any category of training

that has been developed using an ISD-like approach,
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The final major directive resulting from the April meeting was that
the study examine the possibility that TRAIDEX emphasize the use of a
standardized training development process by directly supporting the ITRO
ISD (Instructional Systems Development) model being developed by Florida
State University.

In summary, the benefits projzcted for the potential TRAIDEX

system at the beginning of the study were:

° Reduced coursc development efiort and cost

° Increased productivity and etfectiveness of the
course developer

° Support oi . standard instructional development
methodology

2.3 Study Task Definition

2.3.1 Cost/Benefit Analysis: Task 1

At the start of the TRAIDEX study, it was intended that the potential
cost of any proposed TRAIDEX fuuction be compared to the expected benefit
to be derived from it, This formal process would aliow the study team to
continually narrow its attention to only those areas where quantifiable bene-
fits could be obtained through technically feasible means at a reasonable
cost, Given the initial technical direction to concentrate on improving the
efficiency of the course development process, it became clear that a key
ingredient to the cost/benefit analysis would be the collection of design
aud development costs for each of the various stages of the instructional
systems development process. However, as the information analysis task
proceeded, it quickly became apparent that it would be impossible to obtain
representative analysis, design, and development costs. The reasons for
this lack of cost data are varied, but they can essentially be summarized

as follows:

a) Personnel c learning material development
are often not ted from costs incurred for
instruction,

b) Estimates of the ratio of development to presenta-

tion time vary widely, and are heavily irnpacted by
the introduction of new instructional technologies
such as self-paced instruction in its various forms.



c) Development time is also strongly correlated with
developer experience. Given the emerging state of
newest (and presumably most effective) technologies
and the relatively high rate of developer turnover,
most developers have had relatively little experience
in applying these technologies, We are therefore
hesitant to accept tne "ew development costs that
were ohtained as repr« jentative,

In spite of the problems cited above, the following general cost trends

aprear clear:

a) The same instructional technologies that are
proving so effective in reducing the training time
required to produce a qualified graduate are
demanding an increasing investment in the learn-
ing material development phase,

b) As the trend toward more specialized course
modules proceeds, the total number of course
hours that must be developed is increasing.

As a result of this information deficiency, the study team has taken

the following approach:

a) Design and specify an information exchange system
that is functionally capable of providing the re-
quired course development assistance (see Section 5)
and of handling the projected voiume of stored in-
formation and data transactions (see Sectiion 4).

b) Estimate the costs of developing, integrating, and
operating this system, making maximum use of
existing hardware and software systems, and trans-
lating these costs into the development resources
that would have to be saved in order to have the
system pay for itself. (See Section 6.)

2.3.2 Information Needs Analysis: Task 2

The analysis of training information needs was accomplished in
the period May-August 1975 by interviewing a cross-section of training
personnel in the four services and by surveying DoD and non-DoD informa -
tion resources relevant to TRAIDEX information needs. SofTech and ETS
cooperated in the interview tasks, and ETS/EDUCOM surveyed the relevant
information resources, The objective of Task 2 was to provide a base

for the remainder of the study by:

° Focusing the remainder of the study on the TRAIDEX
functions with the greatest potential benefits



° Defining the information TRAIDEX must contain in
order to provide those henefits

° Specifying the sources of existing information to be
used and identifying information that must be created

° Evaluating the potential impact of TRAIDEX on inter-

service training and development

A key issue in the information analysis task was the identification
of the categories of information that shouvld be handled within the TRAIDEX
system. The specific categories of information that were seiected for
inclusion in TRAIDEX were culled from the kinds of information listed
below. The scope and nature of the elements of this list indicates the
breadth that the TRAIDEX concept possessed prior to the start of the
study. At that point, TRAIDEX was expected to be able to handle:

° training resource material -

- simulation devices and part task trainers
- technical training equipment

- trainirg aids

- audio-visual materials

- training literature

° job/skill analysis information

° training requirements analysis information

°® new education/resource developments (techniques,
materials, technology)

° applications, effecliveness and availability of
training resources

° training facilities
- instructors

- existence of equipment
- existence and configuration of laboratories

- existence of classrooms

° course descriptions

o research requirements
- completed
- in process in laboratories
- awaiting action

° operational training processes

° team training procedures

1020-2 2-6
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The very broad range of training activity and related information needs
that is implied by the scope of this list was narrowed at t) 2 start of the
study in order to focus on the areas of training course development that
were believed to possess the greatest potential for cost reduction. It
must be noted that the primary motivation for this reduction in scope was
the decision taken by the ITRO Technical Training Committee to insure
that the study was sufficiently well bounded, that it would result in a
feasible and cost justifiable system and that it could provide tangible
benefits within a realistic time frame. The decision to concentrate on
the needs of the course developer, the discovery of other complementary
information systems, and the decision to utilize the natural occurrence
of objective-based descriptions has resulted in the definition of a system
that is well-bounded, that will serve a specific need in the costly process
of instructional systems development, and that will be relatively inex-

pensive to implement.

The results of the needs analysis conducted during Task 2 were
documented in a Sof Tech report delivered to DARPA on September 15,
1975, entitled "TRAIDEX Study: Information Needs'', the major contents

of which are included in Section 3,

2.3,3 Concepts of Operation: Task 3

The concept definition effort was designed to define the functions that
an operational TRAIDEX system must perform in order to meet the informa-
tion needs identified during Task 2. Specifically, Task 3 was performed
to define over-all procedures and capabilities in the following areas:

a) The content and formof TRAIDEX database elements,

i.e., what informatlion will be accessed through

TRAIDEX, and in what form it will be provided to
users, ’

b) The procedures to be followed in obtaining, updating,
and preparing data for input to TRAIDEX, including
procedures for indexing it appropriately.

(¢
~

User procedures for accessing TRAIDEX data, in-
cluding methods of dealing with conflicts in indexing
terms, limits on system response time, and other
aspects of the user/system relationship supported
by TRAIDEX.

 aaa



d) The functional requirements that must be met
by the organizations that support and manage
the TRAIDEX system operation,

In short, this Task defined TRAIDEX concepts of operation, and provides
the basis for the implementation options developed during Task 4, The
task was approached from a viewpoint that consciously attempted to de-
fine the characteristics of the required functions without assuming the
existence of a computer as a resource., The resultisa functional design
that is on.y minimally dependent upon the type of automatic data proces-

sing support that is available,

2.3.4 Implementation Options, Costs and Plan: Task 4

Given the functional requirements of the TRAIDEX system defined
by Task 3, the goal of the final task has been to inveatigate and define
feasible options for realizing the mechanisms required to perform those
functions, to estimate the costs involved with implementation and opera-
tion, and to propose a plan for the integration of the system, Itis worth-
while to point out at this time that the results of this task have indicated
the complete feasibility of handling the technical requirements of TRAIDEX
and the anticipated system data volumes within currently existing ha :d-

ware and software systems. While the effective utilization of all appropri-
ate, currently available resources has always been a stated objective of
the ITRO, it was not until this task was complete that confirmation of

the feasibility of a TRAIDEX implementation that did not require any

large hardware/software procurement was established.
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2.4 Report Definition

The remainder of the report has beer. divided into five sections
that present the results of study tasks two through four, Section 3
describes the recuirements, methodology, and results of the information
analysis task, ard concludes with a brief summary of the study team's
conclusions concerning the utility of a TRAIDEX system., Section 4 con-
tains the estimates of data and transaction volume that a system satis-
fying the needs identified in Section 3 would have to handle, and Section 5
presents the concepts of operation of such a system., Sections 6 and 7
present the steps required to implement and operate TRAIDEX, and

provid: estimated costs for each phase,
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Section 3

TRAIDEX INFORMATION NEEDS

3.1 Task 2 Methodology

3.1.1 Background

The requirement that TRAIDEX be oriented primarily toward
improving the technical training course development process implied
that the information needs analysis task must gather at least the follow-

ing basic data:

a) Descriptions (both qualitative and quantitative)
of current course development practices

b) Descriptions of current information sources
used by developers, and identification of those
phases of the development process that would
benefit most from the introduction of new sources

c) Estimates of the direction of future development
in instructional technclogy, and their require-
ments for new information,

In addition, it was felt that verification of many of the fundamental assump-
tions about the utility of a TRAIDEX facility should be obtained from

its potential end users. While much of this information could have been
gathered via a mailed questionnaire that wculd have obtained broader
coverage than an interview method, the latter approach was chosen for

the following reasons:

a) TRAIDEX itself was and is an evolving concept;
the interviewers could tailor the emphasis of their
presentation both to a gradually more refined view
of the system and to the outlook of their audience.

b) The sample base for information gathering covered
a very wide range of personnel of varying rank in a
variety of line and staff positions,

c) Most important, the fundamental aspect of TRAIDEX
as a user-accessed, relatively passive information
resource made it mandatory to evaluate at first hand
the reaction of the proposed users, and to estimate
the likelihood of their voluntary utilization of such
a system,
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After some experience in Task 2, information gathering, ETS J
evolved a set of questions that served as a base for information gathering

throughout the rest of the task, A summary of the content of the question-

{9

naire follows:

° course development process

desrribe the training process, management,
and support, provided by your organization

what is the role of a formal ISD methodology
in this process?

what is a typical ratio of course development
time to course presentation time?

what are the most difficult or time consuming
phases in the ISD process?

what are typical course development costs?

describe the inputs and cutputs of the develop-

ment process as practi.e¢d by your organization
° TRAIDEX information content and concept

what information would substantively aid the
developer? How would the information be used,
and how much would it help?

describe user to system interface requirements
and possibilities, timeliness, indexing, form
and format,

describe possikle relevancy ineasures of
TRAIDEX outputs,

° other information sources
what sources are currently used?
what sources would be used if access was
available?

In addition, representatives of the training community were
questioned regarding the assumptions behind TRAIDEX, such as the
possibility of reducing development time and increasing developer
efficiency, existence of a high degree of interservice commonality, etc.
Hypotheses on the content, interface, and function of 2 possible TRAIDEX
were continually tested, Finally,feedback on problems for an operational
TRAIDEX were generally contributed with little need for formal questions

or prompting from the study team,
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3,1.2 Interview Sites

Interviews were arranged by phone and letter contact with members
of the ITRO Technical Training Committee at each service training head-
quarters. With recommendations from these representatives and repre-
sentatives at each succeeding level the interviewing proceeded from the
headquarters down to the resident schools ard coul se development sites.
Figure 1 shows the distribution of interviews with locations and numbers

of people interviewed,

Figure 1
Level Air Force Army Navy
Air Training 1z ining and | Chief of Naval
Command (ATC) Doc’. e Education and
11 Command Training
Headquarters (TRADOC) (CNET)
8 10
Combat Arms
Training
Board (CATB)
2
Chanute AFB Ft. Benning | Chief of Naval
7 2 Technical
School Staff Training
Lowry AFB Ft. Gordon (CNTT)
16 5 6
Chanute AFB Ft. Gordon Memphis Naval
9 8 Air Station
5
Co"-se Developer/ Lowry AFB
Tnstiuctor 25
Lackland AFB
4

Not shown in Figure 1 were interviews with a representative of USMC
Training Headquarters, two researchers from Florida State University
(developers of the FSU ISD model) and several representatives of the
DoD Directorate for Audiovisual Activities, as well as a visit to the
Air Force Hurnan Resources Laboratory installations at both Wright

Patterson and Lowry Air Force Bases.
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Given budgetary constraints, the necessity of visiting at least one
technical school in each service and the desire to contact a cross-section
of those involved in the course development process, the interview sample
was small, and the results must rest on the careful evaluation of the in-
formed opinions of key personnel. However, people in the major areas
of the course development process that would have an impact on or would
be impacted by TRAIDEX contributed to the study, and feedback was ob-
tained from headquarters personnel, course development managers and
course developers using various development methods including the Florida
State University ISD model, Personnel involved in the future direction of
training in the services were interviewed, including personnel supporting
the newly formed Army Training Management Institute, the Air Training
Command ISD Advisory Services section, and Navy Technical Training
personnel involved in the establishment of the Memphis Computer Manage
Instruction (CMI) complex. Since combatarms represents a large portio
of the training concerns of the Army and Marine Corps, the study team
contacted both the Infantry School and the Combat Arms Training Board.
At the headquarters level interviews were held with those involved with
advanced training support systems, planning, policy making, budgeting,
and manragement as well as, technical training development and the use
of simulation and advanced training aids. Information on databases was
gathered at each visit with particularly relevant information coming from
visits to the DoD Directorate for Audiovisual Activities and the Air Force

Human Research Laboratory at Wright Patterson AFB, Dayton, Ohio.

3.1.3 Interview Methodology

Because the range of information sought was broad and because
the experience, service background and level of responsibility cf the
potential sources was diverse, it became clear that a rigid questionnaire
or highly structured interview guide would not be productive, Therefore,
the information gathering methodology was built around a semi-structured

interview. After briefly describing the nature of the study (without dwelling
on the information retrieval aspects of TRAIDEX), interviewees were

questioned in each of the general areas of the questionnaire, Depending

upon the attitude and experienc . of the subject, certain areas were followe.d
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up in greater detail. In general, lower level developers were interviewed

in small groups and in the absence of their superiors,

As a separate subtask, ETS surveyed DoD and non-DoD databases
and information resources such as reference materials, computer search
services, periodicals, contacts, etc. The results of the information re-
source survey poriion of Task 2 have been published by ETS in two documents:

1) "Information Resources for Training: A Survey
of Non- military Sources', by Len Swanson and
Lorraine T. Sinnot, Document MDA 903-74-C-
0290-1, March 1975

2) "Military Sources of Training-Related Informa-
tion", by Lorraine T, Sinnot, Document MDA
903-74-C-0290-2, September 1975

3,2 Interview Results

At the start of the study, the projected benefits of TRAIDEX had
been focused upon reducing the course development effort and increasing
the productivity and effectiveness of the course developer. Technical
training was to be the primary study area because of large personnel and
dollar costs, the judgment that a high degree of commonality existed in
this area, and the assumption that rapidly changing technology caused much
new course development and re-development, Support of the FSU-

developed ISD model was a factor to be examined,

In order to present the results of a large number of interviews
in a coherent manner, we have restated the original projected benefits
and goals of TRAIDEX, along with some underlying assumptions about
‘he nature of the technical training development process, as a sct of ten
hypothetical statements, These statements serve to formalize a set of
requirements that must be shown to be realistic if TRAIDEX is to be a
viable concept. The hypotheses are followed by a summary of interview

responses both pro and con, and the study team's conclusion,

3,2.1 Hypothesis: Exchange of information will save course develcpment
time,

The most important point in the feedback on this issue is that a

limited number of course developers have successfully borrowed course-
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ware from another service and saved their own course development time
as a result. For example, developers in the Department of Army Wide
Training Support at the Signal School (Ft. Gordon) cited a case in which
one month of development time was saved on a 3-4 montl, effort by using
material borrowed from the Air Force; furthermore, this :ime was saved
in spite of ostensible inter-service differences in maintenance and train-
ing philosophy, An interesting aspect of this particular development
experience is that the developers tended to be technically oriented general-
ists who relied upon the assistance of subject matter experts, rather than
subject matter experts with experience in a particular kind of course

development.

However, the reuse of shared learning material is an infrequent
occurrence, and how frequently sharing can be done and how much time
can be saved is in doubt, A portion of those people interviewed felt that a
lot of content duplication in course development exists, and that most
developers would find it helpful to see what other developers with similar
objectives have produced, Another portion felt that due to a variety of
interservice differences, the interservice exchange of curriculum materials
would seldom be worthwhile., And a third portion felt that, because of the
time needed to understand and absorb ancther developer's material, the

time savings would be minimal though the exchange would be helpful,

The possibility that the exchange and review of relevant learning
materials might result in indirect reduction of effort became apparent as
the study progressed. A number of developers interviewed felt that looking
at the results of another's development effort would be a source of inspira-
tion on pres :utation technique, format, and so on even though the material
itself was not directly borrowed, Support for this point varies between the
experienced and inexperienced developer, with the strongest support coming
from those who are relatively inexperienced in applying a particular tech-
nology. The experience factor may be particularly critical in services
where there is rapid introduction of new learning technology or a high rate

of developer turnover,
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Aithough estimates of potential development time savings varied
widely, the TRAIDEX study team concluded that the exchange of course
material will indeed save course development time; however, the quanti-
fication of this time savings is a separate and difficult issue., Thu savings
appear to depend heavily upon the relative experience of the developer,
his ability to submerge his own ego sufficiently to borrow relevant mate-
rial, and the ability to quickly locate relevant and properly validated in-

structional material.

3.2.2 Hypothesis: Exchange of Information will increase course
effectiveness,

This point depends upon che ability of the course developer to ob-
tain (via TRAIDEX) material that may be more effective than he can pro-
duce within his time and budgetary constraints. A good many of those
interviewed were concerned about the quality of material that TRAIDEX
would cause to be shared, pointing out that automating mediocrity accom-
plishes nothing. A large percentage of the sample mentioned the use of
professionally recognized validation methods as a criterion by which to
judge the worth of learning material, In this case, the important validation
is the internal validation to show that the course material is consistently
successful in meeting the original learning objectives. T};is information
has been specifiedas a requirement for inclusion in the TRAIDEX data-
base. External validation showing feedback from the field is not a direct
indication that stated objectives were or were not met, since failure in

this area may be due to poor job analysis.

With respect to a developer obtaining more effective material than
he might produce on his own, there will be a variance between those that
are experienced and inexperienced in the application of a particular tech-
nology. In areas of the services with rapid turnover of course developers,
one would cxpect the strongest positive effect. More important, perhaps,
is the increase in effectiveness caused by the synergistic effects of the
rapid dissemination of innovative resource and media applications that

TRAIDEX would be able to accomplish.
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3.2,3 Iiypothesis: Perceived benefits can be cost analyzed,

Any model used to analyze the impact of a TRAIDEX on the course
development process by cost/benefit assumes the existence of cost data
for the various phases of the process., However, hard and comprehensive
course development cost data could not be obtained from any site. In
most cases development costs for a school were not separated from in-
struction costs, In one case development costs were merged for several
courses, Factors such as the impact of the introduction of new instructional
technology, such as self pacing, differences between initial and subsequent
development of a course, developer time taken from other duties, experi-

ence of developer, etc., also made cost comparisons impossible,

Thus, conventional approaches to the costing of development
activities could not be applied, because the necessary data is simply not
being tracked. The closest we were able to come to real cost data was
in the Air Force, where we were able to obtain some sampled data,
Chanute AFB records fairly extensive data on the ISD process on a form
called TC 200A. The table shown below summarizes this data for three
sample self-paced courses. The problem with projecting from this
data is that it is not comprehensive and therefore cannot provide a true
picture of all course development activity, even at Chanute. Moreover,
because of the difficulties inherent in tracking the time of instructors
and part-time personnel, it is not clear that all of the personnel involved
in the development process were tracked, or that their time was precisely
allocated. It should be noted that the three sampled courses were not
developed as part of the PLATO computer aided instruction (CAI) project
at Chanute,

A similar problem occurs with the aggregate cost data collected
by ATC (Forms 189A and 189B). These forms do provide a vehicle for
tracking total development costs; however, the same cautions regarding

the comprehensiveness and accuracy of this data also apply.

Rule of thumb estimates of the development ratio range from 30
hours (per hour of instruction) to 300 hours. A reasonable estimate for

a comprehensive ISD effort within the Air Force is 100-150 hours. The
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Naval Air Maintenance Training Group representative estimated develop-
ment time at about 200 hours. At the instructor level we heard estimates

of between 30 and 70 hours,

In the following table the phases correspond to four of five phases
of the Air Force ISD process (Phase I - Analyze System Requirements,
Phase II - Define Education and Training Requirements, Phase III - De-
velop Objectives and Tests, and Phase IV - Plan, Develop, and Validate
Instruction). The ratio is the number of development hours to the number

of contact hours.

Sample Course Development Costs
Chanute AFB

Course
A B C
Contact Hrs. 232 231 384
Phase I: 594 80 534
Phase II: girA)l 16 13
Phase IlI: 531 1642 560
Phase IV: 9673 9477 3888
Total Hours 11519 11215 4995
Ratio: 36. 7 48.5 13.0
Cost: $58568 $47603 $22194

It is interesting that in these particular examples Phase IV (where TRAIDEX
should be most useful) consumes approximately 80% of the development pro-
cess. A few of those interviewed in relation to these cost figures estimated
that TRATIDEX could save 25 - 50% of the production time (Phase IV).
The important issues, however, are the rate of development and the

number of courses for which TRAIDEX would be useful,

The cited development ratios may be compared to those stated
for PLATO course development at the University of Illinois College of
Veterinary Medicine at Urbana. A report on initial development costs
(CERL Report X-43, George M. Grimes, author) states the coding
time for an hour of PLATO instruction ranges from 37 to 82 hours with
an average of 58 after two years of experience (the range early in develop-

ment was 48 to 193), On the other hand, time to produce typical Instructor
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based lockstep materials has been stated by typical instructor/developers
to range from 2 to 10 hours per hour,

The implications are clear; :

° As new and more sophisticated instrictional method-

ologies are introduced, development time increases,

particularly in the early stages of implementation, e
° As development times increase, shared material may

have greater impact on costs,

3.2.4 Hypothesis: Benefits (¢ TRAIDEX are important becavse of a high
rate of new course development and course modification

Most of those interviewed that supported the TRAIDEX concept
agreed that benefits would be apparent in new course development.
However, the benefits perceived for course modification were not as
great, For example, course revisions to cover minor equipment changes
are usually not major enough to warrant reuse of other than the original
material, However, there are cases, such as the addition of a new sub-
ject or the conversion to a new type of training technology, (self-paced
instruction, for example), when the ability to look at previously developed

material is a real asset.

We received conflicting reports on the amount of new courese
development and the rate of revision involving a new training technology.
The Navy has about 2000 full-time people involved in course development
or redevelopment, the Air Force revises approximately 75, 000 hours of in-
struction per year, and there are a few areas where major revisions
using the ISD model are planned. However, at the school level in another
service we were told that almost no new courses are being developed and
in all services we heard that the most frequent types of revisions ar< not
major. In conclusion, itappears that TRAIDEX must be justified pri-
marily on the basis of new course development and major course revision,
Given the economy to be gained in delivery costs via the introduction of
self -paced courses, the advent of CAI and CMI, the realignment of MOS
categories and the continual introduction of new weapon systems tech-
nologies, we should expect the development requirements to remain
strong. Even if new development requirements only remain steady, a
small percentage decrease in development cosi should represent large

dollar savings.
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3.2.5 Hypothesis: Course drvelopment efforts with a high degree of
commonality exist among the services

In every service at every level we encountered doubts as to the
degree of course commonality among the services. Of course, some

people had stror ; convictions that this commonality does exist, especially
at the level of the basic or introductory technical course. However, these

basic courses were also assumed to be fairly stable, If this is in fact the
case, TRAIDEX potential use will be less than assumed, (Note, however,
that in San Diego the Individualized Learning Development Group at the
Service School Command is developing a basic electronics and electricity
series (over 100 modules) to be used for all Basic Electricity and Elec-
tronics training in the Navy, and a similar program, Common Basic

Electronics Training, was developed in the Army).

3,2.6 Hypothesis: The areas of the course development process most
relevant to TRAIDEX are the search for existing courses
or materials, media selection, and actual learning
material development,

Using the numbering scheme of the FSU ISD model, the phases
of the course development process to which TRAIDEX was originally
thought to be most relevant were 1. 4 (analysis of existing courses), IL 1
(development of objectives), II. 2 (test development), IIL. 2 (in the area of
media selection), III. 3 (review/selection of existing materials), and IIL. 4
(development of instruction). The kind of TRAIDEX assistance expected
for phase II.1 was not actual reuse of previously developed objectives but
rather the examination of well constructed and (possibly unrelated) object-
ives for guidance by relatively inexperienced analysts. Through the inter-

views we sought feedback on these assumptions.

A nearly unanimous response to the question about the most diffi-
cult phases of the course development process (assuming use of a version
of the instructional systems development model) was the conversion of
job tasks to terminal learning objectives, Although this step is widely
recognized as difficult and time-consuming, the only way that a TRAIDEX-
like system could help is by offering samples of existing conversions for
like tasks. It is assumed that jobs with parallel job tasks would be picked

up by the Interservice Training Review Organization Curriculum Review
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Committee effort. Furtherniore, searching for a similar set of job tasks
assoc.ated with a course in another service appears to be very difficult, .
primarily due to service specific terminology and function. However, the ‘
general feeling in the Army was that a large effort must be directed toward
job and training task analysis before the resulting courses will have the

quality necessary for beneficial sharing via TRAIDEX.,

The use of TRAIDEX to assis* in the media selection process was
originally considered to be a viable application, Although media selection
modelsdo exist, several people interviewed felt that these are ineffective
and that TRAIDEX could help by sharing evaluative information. However,
the general response to the sharing of such evaluative information was
negative, In many cases only a limited selection of media is available
to the developer. Also, those interviewed felt that receiving unfiltered
subjective media evaluations would not contribute to the development effort.
Therefore, the idea of assisting the media selection phase, other than by
showing what media is associated with a particular course and why that

media was chosen, was rejected.

The TRAIDEX information system has therefore been designed

to concentrate on the areas of:

° analysis of existing courses
° display or learning objectives
° review and selection of learning materials

that are common to all currently used development methodologies.

3,2.7 Hypothesis: TRAIDEX should be oriented around the Florida
State U. Instructional Systems Developrnent Model

Frora the point of view of TRAIDEX,the wide use of a sir.gle devel-
opment model with standard terminology and fixed types of outputs would
obviously be desirable, However, the interview process revealed that
the support of the FSU ISD model was far less broad than had been assumed.
Each service has its own version of an instructional systems development
model; the FSU version does not have universal support, and those that
are supportive feel that it is at least a few years away from widespread

acceptance and implementation, Furthermore, the models currently in
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effect are not always used as widely as intended. The key point, however,
is that all development efforts currently center around the production of
learning materials and tests that support formallv stated, performance

oriented learning objectives,

TRAIDEX data must be structured around a systematic course

development process, This pfocess does not have to be strictly the FSU ISD
model, but we must assume some variant of ISD. At the absolute mini-

mum, courses must have specified terminal learning objectives in the
three-part form of action and condition, and standard when available,
This assumption ap sears to ve consistent with the future major role

planned for ISD in the services,

3.2.8 Hypothesis: The potential for interchange of training development
information is seldom achieved because current
mechanisms are deficient

Section 3.2.1 stated that shared material has occasionally been
used to save time in course development, The major question con:erns
the degree of sharing that currently takes place relative to the existing
potertial and the adequacy of mechanisms currently available to assist

the process,

It must be noted that there exists a substantial body of opinion
(particularly at higher staff and headquarters levels) that all possible
sharing is currently done. For example, certain Army training personnel
felt that within that service the system of subject-matter oriented ''pro-
ponency' for certain types of courses maximizes information interchange
by centralizing responsibility for a certain type of course at one resi-

dent school. It was also claimed that in and among the services there

e are a small number of schools dealing in any particular field, and that
v development personnel at these schools keep in touch to such a high
L4 degree that TRAIDEX wouldn't be able to substantially increase the level

of communication, Other currently available sharing mechanisms include
service-specific catalogs of programmed instruction materials, video
tapes, and andi-visual systems that include the scope, objectives and
student entry level of the material as well as a description of the meane

of accessing it, Libraries and advisory services are used for information
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on training technology and in one service a TRAIDEX-like advisory service
is provided at the training command headquarters level. For the future,
the plans cf the DoD Directorage for Audiovisual Activities should cut down
the duplication and increase the exchange of audiovisuals through control
and coordination; the Army hopes to benefit similarly through improved

technical documentation of training aids.

In spite of the bright picture painted by this list of potential systems
for courseware exchange, the inajority of course developers felt that very
little sharing is done. The problems that developers cited with regard to
the currently available mechanisms for inter- and intra-service sharing

of common development efforts may be summarized as follows:

a) Current sources of information are inaccurate,
usually because the time required to compule,
print, and distribute hard-copy catalogs is long
compared to the rate of change of the courseware
involved. This leads to very rapid obsolescence
of the catalogs.

b) Current sources are incomplete, because they do
not usually contain enough information to allow the
potential user to accurately judge eitheir the relevance
of the material to his own objectives, or the quality
of the instructional material in terms of its proven
ability to achieve its own objectives.

c) Current sources are not always available at the
level of the developer who might make use of them.
While the ATC ISD Advisory Service has in the
past reported a relatively high volume of inquiry,
a majority of ATC course developers interviewed
were unaware of its existence. A possible reasor
for this discrepancy is that the service was known
to only a few ''leading edge'' developers who made
extensive use of it.

While the sharing of audiovisuals and training aids is a partial
solution to the problem that TRAIDEX addresses, there are no organized
databases of training courseware. In conclusion, it seems certain that
in relaticn to the interservice potential for sharing, there is a place for
an effective, up-to-date, easily accessed database of information on course-

ware with built-in relevancy and validation measures.
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3.2.9 Hypothesis: Current support for the concept of interservice
exchange of training development informa.tion is
centered around a few individuals.

Through the interview process it became apparent that general
enthusiasm for interservice exchange was mild at best, and it became clear
that a task associated with the future of TRAIDEX was that of eliciting more
support at all levels for both its concept and its rationale. It was there-
fore surprising to discover the existence of ATC Regulation 52-34. To

quote from the regulation -- ""This regulation implements an Interservice

Memorandum of Agreement which establishes policies and procedures

for the exchange of training materials and training support services among
the military services,'' While this regulation is an expression of existing
support for the TRAIDEX concept, the fact that course catalogs are the
only current means of implementing this regulation and since course de-
velopers have expressed the inadequacy of ilw.t means, TRAIDEX could

become a means to facilitate the process of exchange as required,

3.2.10 Hypothesis: The TRAIDEX user will be the course developer or
subject matter expert,

When the TRAIDEX effort focused on the course development process,

the course developer or subject matter expert clearly became the end user.

However, the necessary perspective and incentive for impr«ving course
effectiveness and the rmotivation for reducing development tirne does not
always =xist at this level. The TRAIDEX study team concluded that the
knowledge of TRAIDEX system use and the ability to monitor courseware
exchange should reside at the level of the course development advisor

or staff level education or training specialist. The interviewing process
demonstrated convincingly that it was at this particular level in the train-
ing hierarchy that the talented personnel with the most perspective on
the training development problem coupled with daily contact with actual
devel opers existed. Not only was the acceptance of the TRAIDEX con-
cept greatest at this level, but the staff personnel in these pogitions
generally have some type of review and approval rights over locally

developed curricula,




3.3 TRAIDEX information content

The foregoing sections have reviewed the ascumptions and hypotheses
behind TRAIDEX. The remaining results represent feedback abtained on
the formn of the TRAIDEX system,

The inf ormation content as well as the concept and use of a pro-
posed TRAIDEX is described in detail in Section 5, TRAIDEY information
content is based upon responses to inquiries about shareable courseware
and information that would significantly aid the course developer in locating
and qualifying relevant, shareable courseware, Assuming access to a
single instructional module below the level of a complete formal course,

interviewee responses fell into the following categories:

° descriptive information that could be used to
determine relevance

° pointers to sources of material

° course material to be used directly such as manuals

° course material to be used by instructers such

as supervisor guides

° supporting courseware (for example,references)

° original course development files (for example, storypoard)

In relation to the timeliness of accessing TRAIDEX information course
developers were consistent in stating a need for the relevant course mate-
rial in a 2-4 week period from the time of seeking candidate material for

reuse,

3.4 Information sources which provide related data

When the TRAIDEX study began it was assumed that a number of
useful and relevant information resources already existed, both within
and outside the military, and that these sources of information 'might be
included in or acc. sed through TRAIDEX. Therefore one of the objec-
tives of Task 2 was to identify and assess these information resources
against the perceived needs of T AIDEX users, This survey and assess-
rnent was conducted in two parts:

1) a survey of information resourcee outside

the military

2) a survey of information resources developed
or operated by the various agencies of the
Department of Defense
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The results of these investigations are reported in the companion reports

cited in Section 3.1, 3.

The surveys uncovered 31 information resources outside the mili-
tary, and 6 information resources within the military, that provide in-
formation potentially of use to TRAIDEX users. The study team concluded
that each of these information resources has intrinsic usefulness because
of the way in which they could support a course development effort; dis-
cussions of how each resource might assist curriculum developers are
provided in the detailed descriptions giren in the separate reports. How-
ever, with the exception of some of the DoD resources, the interviews
were unable to uncover any data supporting their inclusion in TRAIDEX.
None of the active curriculum developers interviewed had any significant
knowledge of or experience with most of these resources. As a result,
they were simply unable to assess the potential impact of having access

to such information. The exceptions to this are discussed in the reports,

Because we were unable to assess the potential benefit of providing
access to these information resources through TRAIDEX, the study team
recommends that the initial implementation of TRAIDEX not attempt to
include these resources. However, many of them are likely to be important
cemponents in some future evaluation of TRAIDEX. Indeed, we strongly
suspect that the need for many of them will become evident over tirne, and
that TRAIDEX would provide a useful vehicle for interfacing these systems
to the user community. To do so, TRAIDEX might contain pointers to
(and detailed information about) these syctems, so that in responding to a
specific inquiry the user would be directed to an appropriate information
resource from which he can chtain an answer to his question. It is felt
that such a pointer svstem would be highly useful since an easy means of

locating these information resources is presently lacking.

If TRAIDEX is established, a study should be undertaken to
examine the potential utility of these information resources within the
TRAIDEX community, This might be done by providing the TRAIDEX
interface with access to certain of these systems, so that he could assess
them against the kinds of questions posed by users under real conditions,

and obtain feedback on the relevance of responses,
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3.5 Conclusions based on interviews

Based on the resulis of Task 2 interviews, it appears likely that
there is a need for an effective, timely method for the exchange of valid,
relevant courseware, A system which implemer*.d such a method woulc
facilitate the observance of regulations on interservice cooperation and
assist in new course development as well as the application of new types
of training technology such as the ISD process, Such a system would
reduce development time and increase the effectiveness and efficiency
of the developer. The dollar cost savings or cost avoidance accomplished
by this method depend upon:

actual time savings
increase in developer efficiency

°
°

° rate of new course development and revision
e rate of TRAIDEX use in ISD conversion

°

degree of interservice commonality

A TRAIDEX system is feasible if based on the assumption that some
form of the ISD process will be 1:sed and that learning objectives exist in
the form of action, condition, and standard. The degree to which TRAIDEX
could aid job-task analysts is not clear, but it can assist in the review of
existing courses, review of existing materials, access to shareable mate-

rials, and by shared examples, spread new teaching technology,

A user community based on course developers in technical train-
ing is viable with a few exceptions. The needs of that segment of tl:e Army
involved in combat arms training and the needs of the relatively few groups
in the three services involved in team training appear unique and the
probability of their benefiting from TRAIDEX is small. In other areas
of technical training the course development advisor at the local develop-
ment site is the most appropriate interface to the TRAIDEX system while

the end user remains the course material developer,

in conclusion, the study team feels that interservice sharing of
relevant, validated courseware can significantly decrease the time and
effort required to produce new technical training course modules. The
effects of sharing will have the greatest leverage in situations where

one or more of the following conditions is present:
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° A new training requirement must be met
) New instructional technology is being introduced

° Course designer/developers are not subject
matter experts

° The production cost per delivery hour is high,
as in self-paced programmed texts, CAI
programs, Or multi -media presentations

This conclusion is based on a qualified evaluation of the interview re-

sponses, and upon the following observations:

» Personnel who agreed with the TRAIDEX concept
were either currently involved or had previously
been involved in situations similar to those de-
scribed, and had or were attempting to share inter-
service information. In several cases, these
developers had successfully shared another service's
development experience and/or courseware.

° Personnel who disagreed with the TRAIDEX concept
did so primarily for 3 reasons:

1) All potential sharing is already accomplished

or

2) The developer won't use shared information
or

3) Potentially shareable material cannot be

identified short of actual examination of
the product

° In fact, all three of these assumptions have proven to
be erroneous, Developers are nearly unanimous in
reporting that attempts to find shareable material
are frustrated by the inadequate mechanisms avail-
able to them; only a few have developed the informal,
out of channels'' contacts that allow them quick
access to other developers. However, in the rela-
tively few instances where inter -developer contact
has been made, the success of sharing similar de-
velopment efforts has been significant. Finally, 2
substantial number of course developers, curriculum
review and advisory personnel, and education and
training specialists in both military and civilian
areas have agreed that a combination of the descriptors
proposed for the TRAIDEX Database (learning object-
ive, sample test items, media, validation data) are
adequate to give the inquirer confidence in the rele-
vance of the courseware described.
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Section 4

TRAIDEX SYSTEM VOLUME ESTIMATES

4,1 Introduction

In order to select the mechanisms (computerized, manual, or a
combination) that are required to implement the functions of a TRAIDEX
system that will satisfy the information requirements presented in Sec-
tion 3, the TRAIDEX study team estimated certain critical system volume
parameters. These estimates were made and refined both during the
information gathering process (Task 2) and during the concepts definition
task (Task 3), and they serve both to determine certain functional re-
quirements and as a basis for the operational cost estimates in Section
6. While all of the estimates below contain some measure of uncertainty,
this uncertainty should not affect the final validity of the study results,

for the following reasons:

1) The study team has consistently attempted to
make the most conservative reasonable estimates.
The estimated volumes and associated costs
should therefore be on the high side in most
cases.,

2) It does not appear likely that any critical volume
or rate estimate is in error by as much as a
factor of two. [Ihe study team feels that any de-
sign or implementation effort whose success de-
pends upon a closer estimation tolerance than
this represents an unwarranted risk, especially
because even the most conservative information
volumes are well within the current state-of -the-
art of information processing.

The TRAIDEX volume estimates fall into three key areas, as

follows:

1) Number of course unit entries in the unit descrip-
tion catalog or database, This number helps deter-
mine the mechanism and associated cost to store
the required data.

2) Rate of change of the unit description catalog. This
rate determines the mechanisms suitable for updating
(and therefore storing) the catalog, and the associated
cost,
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3) Rate of inquiry into the catalog. This estimate,
couplied with the expected complexity of a typical
inquiry and the required system response time,
determines the nature of the required retrieval
mechanism,

The means by which the above volumes were estimated and the resulting
numbers are presented in the following subsections, and are summarized
in Exhibit 4-1,

4.2 Unit Description Database Volume

The TRAIDEX catalog of technical training course units will con-
tain a descriptive entry for each distinctly separable unit of courseware
for each technical training course that is recorded. For the purpose of
describing and retrieving this courseware, a unitis defined to be the
smallest easily distinguished piece of learning material that, along with
its associated descriptive information, supports at least one performance-
oriented learning objective., The estimated volume of this database was
determined by surveying the number of technical training courses listed
in the service's formal (resident school) course catalogs and in the ap-
propriate non-resident, correspondence, and career development course
catalogs. Courses were screened by DeD occupational (subgroup) and
those that fell into the following categories were omitted:

1) Medical technology

2) Human Goals (e.g.,, race relations, drug abuse)

3) Courses with little inter-service applicability
(e.g., armor and amphibious)

4) Combat arms subjects

The result was the identification of 4200 technical courses with potential
content for inclusion in TRAIDEX, broken down by service as shown in
Exhibit 4-1,

In order to estimate course unit volume, the study team examined
course catalogs and course unit material from each service. The actual
number of units for courses for which this number was available (from
documents such as POI's and curriculum outlines) was used to estirnate
the average number of units per course, Estimates across services were

checked by cunsulting various members nof the training community, The
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resulting total of 82,000 course units is broken out as shown in Exhibit
4-1. This total appears to be reasonable; if a nominal 8 hours per course
unit is assumed, the resulting 656,000 hours of instruction represents
between half and two-thirds of all technical training presented, based

upon informed estimates from within the training community.

4.3 Unit Description Update Volume

It was impossible for the study team to obtain exact estimates
for the rates at which new courses are created and old courses are re-
vised. However, it is the policy in at least one service to review each
course at least once every three years. An examination of the Air Force
Career Development Course Catalog indicated that about 200 of the 300
listed courses were scheduled for some type of revision, while the Army
was scheduled to revise 300 of its 1400 courses. The study tearn has
estimated that one-third of all course units will be examined for revision
each year, This estimate, coupled with an estimated new course develop-
ment rate of 10% of the revision effort,yields a total of 29, 000 unit devel-
opments per year. Based upon an estimated 2,000 man-years of course
development per year and the nominal 8-hour unit, this yields an average
development time per unit-hour of about 17 hours, which, although low,
is in line with current experience, In any case, it indicates that the up-

date volume (and associated cost) is conservatively large.

4.4 Unit Description Inquiry Volume

This estimate is essentially driven by the estimated review and
revision volume. The study team has assumed that since each develop-
ment will not require a TRAIDEX Inquiry, an appropriate average inquiry
volume will equal about one-half of the unit development and review rate,

or about 14, 600 inquiries per year,



Exhibit 4-1

TRAIDEX SYSTEM VOLUME SUMMARY

1020-2

Air
Ttem Army Navy Force Total
Current TRAIDEX Course 1400 1700 1100 4200
Inventory
[New Courses Developed/Year 20 57 37 114
Old Courses Revised/Year 470 570 370 1410
Average Number Units/Course 35 11 13 =
Total Course Units 49,600 18,700 14,300 82,000
Total New or Revised Units 17,000 6,900 5,300 29,200
Per Year
Total Inquiries Per Year 8,500 3, 45C 2.650 14, 600
4-4
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Section 5

TRAIDEX CONCEPTS OF OPERATION

5.1 O srview

This section presents the results of the third task of the TRAIDEX

study by defining the functions, activities, and mechanisms that are re-

quired to implement a TRAIDEX system capable of satisfying the informa -

tion needs and volumes identified in Sections 3 and 4. The remainder of

the section is composed of four subsections that ccver the following topics: I
a) Subsection 5,2 presents brief descriptions of the

fundamental concepts that comprise the basic

building blocks of the system, and the roles of ,
those training personnel external to TRAIDEX 1
who will be directly affected by it,

b) Subsection 5.3 is a summary of the key features
of the functional design,

c) Subsection 5, 4 contains the TRAIDEX Functional
Design expressed as a Structured Analysis model,
The model itself is preceded by a brief introduc- i
tion to the Structured Analysis and Design Tech-
nique that was used to develop the design,

d) Subsection 5,5 summarizes the results of a design
review during which members of the ITRO and of
the techaical training community critiqued the
functional model,
A general overview of the functions of TRAIDEX can be quickly obtained
by reading subsections 5.2 and 5.3. Those readers desiring a detailed
insight into the system's functions, their various interfaces, and the

issues surrounding their implementation should also read subsections
5,4 and 5.5,

5.2 Fundamental Concepts and Roles

5.2.1 Concepts Internal to the TRAIDEX Design

During the course of the information needs analysis and system
design tasks, it became clear that any feasible implementation of TRAIDEX
would encompass the following fundamental concepts as part of its basic

framework:




a) There must exist a ''database'' (whether computerized
of manual) of course unit descriptions.

b) There must exist some central organization whose
function it is to control and support the daily opera-
tion of the information exchange system,

c) There must exist a trained '"interface'' person to
whom the system's end user (the course developer)
can turn for assistance with the details of system
access and usage,
These concepts form the basic building blocks that are integrated into
the final functional design, and their characteristics are summarized

below,

5.2.1.1 The Unit Description Database

The information needs analysis task established that in order to
enable the course developer to easily locate and obtain reusable course
material the information that TRAIDEX manipulates must relate to a dis-
crete unit within an entire course that can be determined by the developer
to be relevant. Assuming that the development of learning objectives from
training tasks leads to the development of separate and well-defined in-
structional units, the most useful indexable entity appears to be a course
module that has been designed to achieve at least one major learning ob-
jective, This course module is referred to in the functional design as a
course unit, It is important to note that, while course units are described
in the TRAIDEX database, all of the units of a course are selected for
sharing via TRAIDEX on the basis of the course level subject and objec-
tives, not the individual unit objectives, The contents of an entry in the

TRAIDEX unit description database are defir 'd in Exhibit 5-1,

The projected volume of data in thi. Jatabase, coupled with the
requirement for rapid search and retrieval of unit descriptions, justifies
the premise that a compater oriented database system connected to key-
board terminals located at the user (course development) site is needed,
The user's request to find relevant course units will usually consist of
an iterative and interactive dialog with the descriptive database. A user

will have to characterize his search criteria by more than one descriptive
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word in order to reduce the number of course units selected to a reason-
able number, and may need to alter the content of his request based on
what he finds in the system. This need for more than one selection cri-
terion and the requirement for dynamic modification of the search pro-
cess makes the use of preprinted '"key word in context" lists or similar
non-automated methods cumbersome, The use of a mechanical selection
method, such as edge punched cards, would require, ata minimum, one
card per course unit, A preliminary estimate sets the number of course
units to be considered at about 80,000, This would imply a possibility
of having to search 80,000 cards, the equivalent in volume of 40 boxes
of data processing punched cards. Further, unless the entire database,
in whatever form, is located at each development site, a printed copy
telecornmunication system will te needed to meet the over-all response
time requirement that was established in Task 2 to be on the order of a

few hours to a day,

Exhibit 5-1

TRAIDEX DATABASE

Logical Record Contents

Field Name Contents Source
DESCRIPTOR. KEYS Key words nelected Course Title, Block
from the thesaurus or Module Title,

Lesson Title, Equip-
ment Type, Objective

COURSE. UNIT. ID Code for Service, POI, Curriculum
Course, Unit, and outline
Subunit

COURSE., TITLE Iormal name of POI, Curriculum
course outline

DEVELOPER Name, address, Local School Screen-
autovon for cog- ing Committee
nizant developer

. EARNING, OBJECTIVE Full text of terminal POI, Curriculum
objective for course outline
unit

LEARNING. ACTION Verb-object pairs Selected by format

process (Activity
A22 on design model,
Section 5. 4. 2)




Field Name

LEARNING, CONDITION

LEARNING. STD
PRESENTATION. TIME

PRESENTATION. METHGOD
DEVELOPMENT. DATE

SOURCE., UNITS

PE RSONNEL

TEST.QUESTIONS

MEDIA

MEDIA. CODE

Exhibit 5-1 (Continued)

TRAIDEX DATABASE
Logical Record Contents

Content_g_

Stimulus list

Completion criteria

Average or scheduled
elapsed time to
complete

Limited set of method-
words

Initial development
date

Course Unit ID's

of units that were
used in the develop-
ment of this unit

Qualification of
support personnel
required

Test questions selec-
ted from the unit

test which further
specify the unit
content

This is a group of one
or more composite
fields where each
member of the group
describes one pzrticular
type of available course-
ware,

One of a limited set

of codes denoting the
type of media: e. g.,

TV, PI text, sound/

slide, etc.

Source

Selected by format
process (Activity
A22 on design
model, Section
5.4.2)

same

POQOI, Curriculum
outline

POI1, Curriculum
outline

Developer

Developer

POI

Curriculum outline,
local screening
committee

POI, curriculum
outline

1020-2
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Field Name

MEDIA. ID

MEDIA, SOURCE

MEDIA, PRICE
MEDIA, PACKAGE

EQUIPMENT
BIBLIOGRAPHY
VALIDATION. METHOD

VALIDATION, RESULT

ENTRY.REQUIREMENT

JOB.TASK

or
BASIC. SKILL

WHERE, USED. LIST

Exhibit 5-1 (Continued)

TRAIDEX DATABASE
Lcgical Record Contents

Contents

Full text name or

title of media package
that contains the unit
and by which it should
be ordered, including
National Stock Number,
if one exists

Locatior from which
media can be ordered

Price per package

Brief description of
package of which unit
is a part

Support equipment
required

References used to
develop or as back-
ground enrichment

material

Unit validation
methodclogy used

Current status of
application of valida-
tion method above

Reading level, pre-
requisite courses,
aptitudes, etc,

Brief statement of
task that is supported

Le sson should support
either a specific task
or a basic skill

COURSE, UNIT. ID's

of other lessons that
were developed using
this material

Source

POI, curriculum
outline

Development site

Development site

Development site

Development site

Developer

Developer

Develcper

POI, Curriculum.
outline, Dzvelop-
ment Site

Course Designer

Course Designer

Course re-use
indicator

1020-2
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5.2,1.2 TRAIDEX Central

There will exist a centralized organization of people, functions,
and data, referred to in the design model as TRAIDEX Central, The
TRAIDEX Central organization will have the primary responasibility for
making the routine operation of TRAIDEX a success and will be responsible

for the first level review and correction of TRAIDEX operation and policy.

TRAIDEX Central owns the unit description database. As a result
of TRAIDEX activity, data input, unit searches by users, and shipment
of course material, journals of each action are accumulated by TRAIDEX

Central,

There will exist database management software for TRAIDEX
use, Some of this software will be specialized for TRAIDEX while some
general purpose software may be used to do common functions such as
update and editing. Application software specific to TRAIDEX will be
available for extracting reports and for providing a view of the data man-

agement system tailored specifically to the needs of TRAIDEX users.

The actual course unit materia. is not owned by TRAIDEX Central
but remains the responsibility of the development site of the service
where it was developed,

Also, during the course unit order and response cycle, the status
of the order is maintained, This status file is also owned by TRAIDEX

Central,

5.2.1.3 The TRAIDEX Interface

The TRAIDEX inte:face is one or more persons at the course de-
velopment site who will help {he course developer find and obtain relevant
course units, The TRAIDEX Interface will have access to a terminal

through which he can interact with the course unit description database,

In Section 3,2,10, it was stated that "' ,,. the course developer or
subject expert [is] clearly ... the end user., However, the necessary
perspective and incentive for improving course effectiveness and the
motivation for reducing development time does not always exist at this
level., The TRAIDEX study team concluded that the knowledge of TRAIDEX

system use and the ability to monitor courseware exchange should reside
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at the level of the course development advisor or staff level education or
training specialist,' Thus, the primary function of the TRAIDEX inter-
face is to make what help TRAIDEX can provide available to the developers,

even if the developer is not motivated to seek out that help on his own,

Each TRAIDEX interface will be provided access to a terminal
and instructions cn how to connect the terminal to the coraputer holding
the TRAIDEX database. From time to time, these persons will receive
updates and further information vn TRAIDEX operation such as list of
new features added, notes on successful search strategies, and "alert
reports' when descriptions of learning material with pre-specified attri-

butes have been modified or added.

A key part of the TRAIDEX interface job is to know how to form
effective searches for relevant course units, This will require a good
knowledge of the restrictive and descrintive words used to describe
course units. A copy of the thesaurus of all descriptive words will be

provided to each TRAIDEX interface.

5.2.2 Roles of Persons and Organizations Affected by TRAIDEX

5.2.2.1 TUser Role

The primary end user of TRAIDEX system information is the
training course developer. It is the course developer who must ideatify
an initial need for development information on a p= ‘ar technical topic,
a specific insiructional strategy, or t!» use of a pa  .ular development
methodology. He will then discuss It ; needs with the TRAIDFX Interface
person at his Covelopment site, and together they will decide on an appro-
priate set of descriptive information and an acceptable maximum volume
of unit descriptions to be returned for examination by the deveioper, It
should be noted that it is the TRAIDEX Interface, trained by TRAIDEX
Central, who possesses the detailed knowledge of how to use the inquiry
terminal and query language, the thesaurus of technical descriptors,
and a knowledge of how to develop successful search strategies. The only
formal training that the developer will receive will be a brief (1-2 hour)
seminar at which the information content, poteniial uses,and response
times of TRAIDEX will be described, and the local TRAIDEX Interface

introduced and his role discussed,



i

After a particular developer's request has been structured and
entered by the TRAIDEX Interface, the developer will be informed within
(at most) a day whether or not material of potential interest exists within
the system, and he will be provided with descriptive information about
whatever learning materials have been cataloged. The developer may
then decide on several options, including ordering specific iteras of
material through the TRAIDEX Interface, or contacting the developers of
relevant materizl directly in orde? to resolve specific questions on such
things as media selection, validation, and so on, If the developer decides
to order specific learning materials, the TRAIDEX Interface notifies
TRAIDEX Central, and the developer receives his reply within a two to

four -week time frame,

The developers at a site will be asked by the TRAIDEX Interface
to evaluate the information received from the system, and to indicate
(via a brief questionnaire enclosed with learning materials that are
shipped) whether or not the materials were used or modified to become

part of a new course unit,

The curriculum review function at the site will be required to
inform the TRAIDEX Interface of changes to any locally developed course
units that have been selected for inclusion. in TRAIDEX that will affect
their unit description entry, If the TRAIDEX Interface is attached to
this curriculum review 1unction, this activity should be quite easy to

integrate into the normal review and approval cycle,

To summarize, it will be the user's responsibility to become aware
of TRAIDEX and its potential use in assisting him in the solution of his
development problems. He will not be required to become an expert in
the use of an information retrieval system; however, he will be required
to cooperate in its use, If user participation is low, it may be up to the
TRAIDEX Interface, in conjunction with the curriculum review function,
to inform and re-educate those involved in course development efforts

on the ways that TRAIDEX can reduce their development costs,
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5.2.2.2 Development Site Role

The local course development site must create the climate in
which the TRAIDEX system can operate effectively. It must commit the
resources of a trained, interested resource person as the local TRAIDEX
interface, and it muss rort the TRAIDEX concept both directly by
educating local curricuiui.l design and development personnel, and indirectly
by encouraging an atmosphere that lends prestige both to the use of
TRAIDEX as a resource and to the contribution of potentially shareable
material, Courses which contain units redeveloped frcm material obtained
from TRAIDEX should be publicized, and other examples of TRAIDEX
utility disseminated. The focus of much of this activity will be the TRAIDEX
Interface, and the development site command must insure that the TRAIDEX
Interface position is invested with sufficient prestige to make its operation
effective, Based both on the nature o *he curriculum review job and the
characteristics of the personnel v’:. .~ upy it, we feel that the most
appropriate location for TRAIL''''. "'.7" _ace is in this review and advisory

position, rather than at the lowest ... elopment or instructional level.

The local development site must also commit the necessary facili-
ties that will allow them to respond to requests from other sites for both

direct developer contact and reproduction and shipment of shared material,

Finally, in order to judge the ultimate worth of the TRAIDEX con-
cept, the time and cost accounting procedures that monitor actual develop-

ment time and resources expended will have to be installed.

5.2.2,3 Training Command Headquarters Role

The Training Command Headquarters at the using services must
assist in the establishient of the course screening criteria that are to be
applied by each development site, and must establish the monitoring and
follow-up functions that will insure that TRAIDEX input requirements

and material shipment time limits will be met,
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The commands will have access to the TRAIDEX database;
while its primary user is still the course development specialist, the
database will provide a considerable source of raw data about the
state of training technology in a particular service. Although the focus
of the database design has been to provide descriptive information to the
developer, much of this information, particularly in an aggregate form
that could be extracted by computer programs for special reports, will
be of interest to headquarters personnel, For example, statistical sum-
maries on the utilization of certain types of media and instructional strat-
egies, course unit length, validation techniques and results can be readily
collected,

5% 3 TRAIDEX Functional Summary

5.3.1 System Ove rview

The overall function of the activities and data that make up the
TRAIDEX system is to provide the mechanisms that will allow learning
material developers to share information about, and the results of, de-
velopment efforts with a common focus., The scope of the functional design

of TRAIDEX is bounded by the following basic assumptions:

a) Units of learning material, and the activities
that design, develop, validate, and present them
are outside of the TRAIDEX System context. The
units that result from development activities are
examined by TRAIDEX, their descriptions are
catalogued and distributed, and requests for their
dissemination are accepted and monitored; however,
the production and maintenance of the course unit
inventory remains the responsibility of the develop-
ment site,

b) The primary input to the system is the collection
of learning materials,accompanied by descriptive
information, developed by the military training
community, The activity of the system is controlled
primarily by requests from course developers to
locate development information or relevant learning
material., The primary outputs of the system are:
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1) Responses to user requests, describing
the characteristics and sources of relevant
learning materials

2) Copies of specific course units requested
by developers,

In order to accomplish its primary mission, the TRAIDEX system has
been divided into four distinct functional areas, which are described in
subsections 5.3.2 through 5.3.5., These functional summaries will
stress the major operations performed by each functional area in terms
of its important inputs and outputs, and the basic TRAIDEX mechanism(s)
responsible for its operation. A more detailed and complete understand-
ing of the inter-functional interfaces of the system can be obtained by
reading the TRAIDEX Functional Design Model in subsection 5. 4,

5.3.2 [Initial Course Material Screening

Based on selection criteria established in conjunction with the
TRAIDEX Central office and the appropriate Training Command Head-
quarters, each course development site will examine the course material
and associated descriptive matter produced under its control, and will
select some subset of courses to be cataloged by the TRAIDEX system.
The description of each unit of a selected course will be extracted from
the appropriate development documents (POI, curriculum outline, TAIS,
etc. ) and will be reviewed for conformity with TRAIDEX requirements
(comnleteness, accuracy, format, etc,). The primary output of this
process will be new course unit descriptions to be added to the unit de-
scription database, The screening activity will also be responsible for
recognizing when changes have been made to locally developed units that
have previously been cataloged. In this case, an updated unit description
may have to be prepared. Records are kept that describe the results
of the screening process, noting which courses have been selected and
rejected, This screening history is used to modify the screening process

as required,

5.3.3 Unit Description Database Maintenance

This activity receives the new and altered unit descriptions pro-

duced by the screening process, and creates the required updates to the



unit description database, For new unit descriptions, an important
component of this process is the selection of the appropriate subject-
area descriptive keywords from the thesaurus of technical training
terms., The new and altered unit descriptions are created at the local
development site that is responsible for the course material by clerical
personnel under the direction and supervision of the local TRAIDEX
Interface., Pending updates to the database are reviewed periodically
by TRAIDEX Central for conformance to the database format rules,
and are then added to the unit description database by the necessary
update software., An important by-product of the update process is
the creation of ''alert'" reports that allow the addition or alteration of
specific types i material to be brought to the attention of interested
personnel. The majo1 outputs of the maintenance activity are thes unit
description database itself, and the thesaurus of descriptive terms
which may need to be revised as new types of training are described

and incorporated into the system,

5.3.4 Information Search and Retrieval

This is the central activity of the TRAIDEX system, Its fhnct_ions
are controlled primarily by requests from the training course developer
to locate descriptions of course units that will aid the developer in pro-
ducing a new unit of learning material. The requesting developer works
with his local TRAIDEX Interface to formulate an appropriate list of
search criteria for submission to the database search software, The
search criteria will generally be composed of restrictive factors, such
as maximum presentation time and minimum entry level, and descriptive
words that are chosen from the thesaurus to describe subject area to
some arbitrary depth of detail, The search criteria will be selected by
the TRAIDEX Interface in ccnjunction with the developer, and will be
based upon the developer's knowledge of his specific needs coupled with
the TRAIDEX Interface's knowledge of the descriptive fields in the data-
base and his experience with the application of other, successful search
strategies, The developer and the TRAIDEX Interface will also agree
upon the maximum number of acceptable unit descriptions that will con-

stitute a successful search result,
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The TRAIDEX Interface will then perform an interactive dialog
with the system's database search software, expanding or contracting
the contents of the search criteria list until either a suitable number of
course unit descriptions have been located, or until the search has failed.
It should be noted that a failure can occur either because no relevant
entries can be located, or because the search criteria is so broad that
too many units have been found. In the first case, further interaction
between the developer and the Interface may result ina relaxtion of
some of the restrictions, or it may be true that in fact no relevant mate-
rial exists. In the latter case, the search must be further qualified by
applying further restrictions, more detailed descriptors, or a combina-

tion of these strategies.

Once an acceptable list of course units has been located, the de-
veloper may request a full printout of the descriptive database entry
for one or more of them. He may base any decision for further action
(such as contacting the cognizant developers directly or ordering copies
of the learning material through TRAIDEX) on his examination of such
information as learning objectives, validation methodology and results,

and so on.

5.3.5 Course Unit Distribution

If the developer decides to order samples of learning material
for particular course units, he forwards his request (via the TRAIDEX
Interface) to TRAIDEX Central, The request is logged for possible
follow-up and is then routed to the proper development or storage site,
Each development site must make whatever local arrangements seem
to be most effective for storing copies of material that is cataloged by
TRAIDEX. When a ship order is received, along with appropriate paper-
work, the requested material is copied if necessary and shipped to the
requesting developer. The system response time requirement for this
activity is a maximum of two to four weeks, The shipped material is
accompanied by a brief questionnaire (provided by TRAIDEX Central)
that will be returned to the development site by the TRAIDEX Interface
at the requesting site, indicating whether or not the requested material

has been reused to develop a new unit of learning material.



5.4 TRAIDEX Design

5.4.1 Introduction to SADT

The functional design of the TRAIDEX system is portrayed as a
Structured Analysis Model, The model itself is preceded by a brief
description of the Structured Analysis and Design Technique (SADT)@

that was used to develop and specify the design.

5.4.1.1 Models of Systems

The Structured Analysis and Design Techrique is a method for
helping people to understand complex ''systems" (defined as any com-
bination of computer hardware and software, people and things, structured
together to perform a function). The system may be a new system to be
built or an existing system, and may be a combination of computers,
people and things or may consist only of people and things, In all cases,
the result of applying SADT is a "'model' that shows, by a series of
diagrams, the understanding of the system that the analyst has gained
as a result of its application. For new system-building, SADT may be
applied in planning, analysis, design, project management, or wherever

a model is useful for system understanding,

The diagrams in a model are organized iu a hierarchic and modular
fashion, often called "top-down.' That is, the scope of the system is
established in a single overview diagram. The component parts shown
in the overview are then detailed, each on another diagram, Each part
shown on this detail diagram is again broken down, and so forth, until the
system is described to any desired level of detail, Lower level diagrams,
then, are detailed breakdowns of higher level diagrams, At each stage of
breakiing down the system the higher-level diagram is said to be a ""parent'

or overview of the lower level ''detail'* diagram.,

@SADT is a trademark of SofTech, Inc.
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STRUCTURED DECOMPOSITION

This diagram is the
"'parent’ of these
two diagrams,

MORE DETAILED

In an SADT diagram, the component parts are shown as numbered box-
es. A diagram may have no more than six boxes., Each box is detailed in one
diagram at the next lower level until a sufficient level of detail is reached.
5.4.1.2 Diagrams

SADT diagrams consist of boxes and arrows, and text describing them,
The notation is kept simple, to permit easy reading with little spec’al training,

In SADT, boxes represent components in the breakdown, and
arrows represent relationships between these components, Descriptive
labels are written inside each box and along each arrow to describe their
meaning. The following is a sample SADT diagram from the TRAIDEX
model. The boxes represent activities, and arrows represent data or

things which are interfaces between those activities.
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In SADT, boxes represent activities, and arrows represent data or :
things which are interfaces between those activities. Descriptive labels are |
written inside the box or along the arrow shank, i

In addition to its label, the side at which an interface arrow enters
or leaves a box shows its interface role as an input, control, output, or
mechanism for the box,

Control

ﬁ—%

L

Input Output
ﬂ

“f—J

Mechanism
The input data (on the left) are transformed into output data (on the
right). Controls (on the top) govern the way the transformation is done,
Mechanisms (on the bottom) indicate the ineans by which the function is per-

formed, A "mechanism" might be a person, a committee, a machine, or

a process,.

The diagram's page number is written .. the lower right corner
of the diagram sheet, Box numbers appear in the lower-right corner of
each box and '"detail reference" appears just outside the box and below
the box number., The detail reference identifies the page number of the
detail diagram for the box. i it is omitted no further detail exists,

__. Y

| — et
h‘l‘-— box number

detail reference £

PG 16 - .
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5.4.1.3 Interfaces between boxes

The arrow structure on an SADT diagram represents a constraint
relaticnship among the boxes. It does not represent flow of control or
sequence, The arrows cntering a box show all that is needed by the box

Sk to perform its function, Therefore, the box is constrained by its input

and control arrows,

An output of one box may satisfy some or all of the input, control,
or mechanism conditions required by one or more other boxes., It is not
8. necessary that each and every box have input and control and output and

r.echanism, Also, several boxes can be active simultaneously.

. OuUTPUT OF
2 THIS DOX
2 | 13 CONTROL PROVIOE B
19 THIS BOX FEEOBALK

The arrow label describes what the arrow represents., Arrows
may branch or join, The branches may each represent the same thing,

or different things of the same general type.

K means K
* v -
K Ks L

‘ means
L i

| A two-way arrow (with an arrowhead and a dot at each nd) is a
g shorthand way of indicating feedback. A double label, separated by a
I "/ identifies what is passed forward and backward along the arrow, If

a single arrow label is used with no ''/'", the same thing is passed in both

arrow directions,




feedbark

control/feedback

Output and control
Control X X

mesne

Y Y
input/feedback

Output and
Input X R input

means ‘* Y

feedback

5.4.1.4 Interfaces between Parent and Detail Diagrams

Most arrows are connected at both ends to boxes on the same

diagram, Other arrows leave one end unconnected, These unconnected

arrows represent inputs, controls, and outputs of the parent box or of
the parent diagram, The connections for these arrows can be found on
the parent diagram, In order to make the diagrams complete and consis-

tent, all such unconnected arrows must show their continuation on their

parent.
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